Abstract -An unusual anatomical variation was observed on a skull excavated at Lanište (Raška district, Serbia), a Roman necropolis dating back to the second half of the 4 th century AD. The skull of an adult male showed a remarkably large supernumerary bone at the bregma co-occurring with a continuous persistent metopic suture. Few similar cases have been reported in scientific literature. We describe the case and discuss possible mechanisms and underlying causes, including pathological conditions.
INTRODUCTION
Wormian bones (ossicles, supernumerary bones) represent one of the most frequently reported epigenetic variants in human skulls (Bergman et al., 1988) . Located within the cranial sutures and fontanelles, these ossicles may be formed from a detached portion of the primary ossification centers of neurocranial bones, or they may rise from a new, abnormal ossification center. Their incidence can be related to a variety of pathological conditions (osteogenesis imperfecta, hypothyroidism, cleidocranial dysostosis, rickets etc.), but they are also commonly found in healthy individuals (Murlimanju et al., 2011) . Some, such as wormian bones in the vicinity of the lambdoid suture, are frequent in human populations (40-50%), but others are very rare (Bergman et al., 1988; Brasili et al., 1999) . One of these rare variations is a supernumerary bone placed at the bregma, the meeting point of the sagittal and coronal sutures; it forms within a large anterior fontanelle, situated between the anterosuperior angles of parietals and the superior angles of the separated halves of the frontal bone. The anterior fontanelle is the largest, kiteshaped, and it closes during the middle of the second year of postnatal life; if there are ossicles (one or more) at the bregma, they often reflect the shape of this fontanelle. The fusion of the metopic suture usually takes place during the first year, but completion of this process can last until an individual is 8 years old (Scheuer and Black, 2004) . However, in some individuals, this suture remains unfused, even in adult life, and in such cases the term used is the persistent metopic suture (metopism).
The anterior fontanelle bone can relatively rarely be found in infant clinical cases (Agrawal et al., 2006; Carter and Anslow, 2009; Woods and Johnson, 2010) . In adults, a number of bregmatic bone case studies from the forensic context have been reported in recent years (Nayak, 2006; Barberini et al., 2008; Hussain et al., 2010) . Metopism is not as rare a vari-ant, but its co-occurrence with a bone at the bregma is very rare. Here, we report a case of a large bregmatic bone co-occurring with metopism in an individual from a site in southwestern Serbia. We explore different causative mechanisms for this rare variant, including mechanical stress, genetic mutations and pathological conditions.
MATERIALS AND METHODS
Lanište is located on the fluvial terrace of the river Ibar, near Baljevac (Raška district, Republic of Serbia; Fig. 1.) . The archaeological team from the National Museum Kraljevo discovered 13 ancient Roman skeletal burials during 2001 and 2002. Coins and other grave goods date the burials to 4 th century AD, most of them to the second half of the century (Bogosavljević-Petrović, 2003; Spasić, 2005) . Apart from the cranium presented in this report (abbreviated L12 and showed in Fig. 2) , the burial No. 12 contained only a damaged right radius, which could possibly belong to the same individual. The incompleteness of the skeletal material may be due to taphonomic factors, ancient, as well as the recent devastations, since many illegal excavation pits (made by unprofessional individuals searching for archaeological items made of metal) were recorded on the site. Considering the stratigraphic position of the remains and the fact that all inhumated burials on the site date roughly to 4 th century AD, it is highly likely that the L12 skull also dates from this period. The skull was in a relatively good state of preservation, with only minor damage to its base and postmortem loss of teeth (dM , sM 1 and sM 2 were preserved). We examined morphological characteristics of the skull in order to determine the sex (following Ferembach et al., 1980) , and dental attrition (following Brothwell, 1981 and Lovejoy, 1985) in order to determine the age of the individual. The skull was examined by naked eye, and measured using sliding/ spreading calipers.
RESULTS
Our analysis showed that the skull belonged to an adult male individual. Since we had only a small number of skeletal individuals from the site for seriation procedures, we were not able to determine the specific dental attrition rate for the Lanište population. Considering this, the age of 35 to 45 years, based on the methods of Brothwell (1981) and Lovejoy (1985) , do not reflect the exact age of the individual, but rather indicate only a broad adult age category. Further examination showed rotatio dentis (sP 4 ), M 3 hypodontia and marked deviation of the nasal septum (Fig. 2) . The neurocranium exhibited marked frontal and parietal curvatures. A cranial index over 85 (see Table 1 ) indicated that this is a hyperbrachycranic skull (Bass 1987: 69) ; some relevant measurements and indices are shown in Table 1 (following Bass, 1987 and Martin und Saller, 1957) Wormian bones were noted on the left (20 x 20 mm) and right (25 x 17 mm) halves of the lambdoid suture and at the right asterion (15 x 13 mm) (Fig.  2) ; there were also few smaller lambdoid ossicles (now missing), but postdepositional distortion and damage impeded us from taking measurements. The large bregmatic bone was nearly pentagonal in form, reflecting the shape of the anterior fontanelle; the anterior margins of the bone were regular, straight, compared to the posterior, which showed a less regular outline (Figs. 2, 3) . Measurements of the bone Table 1 . Measurements of L12 skull according to Bass (1987) and Martin and Saller (1957) were taken on the external table. The sagittal length of the bone was 69 mm; transverse breadth was 56 mm. Right anterolateral margin was 39 mm long, left was 42 mm; right posterolateral was 31 mm, left was 33 mm long, and the length of the posterior margin was 41 mm. At the endocranial aspect and in the vicinity of the bone, we observed small arachnoid calvarial defects (Kaufman et al., 1997) . A continuous metopic suture was present, and the linear chord length from nasion to the most anterior point of the bregmatic bone was 96 mm.
DISCUSSION
According to Hauser and DeStefano (1989) , the presence of a supernumerary bone at the bregma (ossiculum fonticuli anterioris or the bregmatic bone) is a very rare occurrence in modern humans. In their survey, most of the examined skeletal populations (10 of 24) did not show any presence of this trait.
For the populations where its presence had been recorded, frequencies were very low (0.2-2.5%), and there was no particular sex prevalence. O'Loughlin's (2004) survey (which included 167 deformed and normal skulls) also detected no supernumerary bones at the bregma. This phenomenon had also been noted in other mammalian species, most notably in North American lynx (Lynx rufus), with high frequencies (37.5-44%). Bregmatic bones were also found in smaller mammal species (Erinaceus europaeus, Rattus rattus, Sciurus vulgaris, Oryctolagus cuniculus, and different species of Microtus), at very low frequencies, comparable to those found in humans. The shapes and dimensions of the bregmatic bones of these animals showed considerable intra-and interspecific variation (Manville, 1959; Pucek, 1962) . Persistent metopic suture is not as rare as the occurrence of a bregmatic bone; according to Bergman et al. (1988) , metopism occurs at frequencies ranging from 8.7% to 1% in recent populations. To our knowledge, only one other published case (Nayak, 2006) shows co-occurrence of the bregmatic bone and persistent metopic suture; compared to L12, Nayak's case showed a relatively small and less regularly shaped bregmatic bone. The case presented by Barberini et al. (2008) was very similar to L12, both in terms of shape (nearly pentagonal) and size (relatively large) of the bregmatic ossicle; however, it showed no metopism, which we observed in the Lanište case. Another published case (Hussain et al., 2010) showed a rather differently shaped bregmatic bone (tetragonal), with an asymmetrical relative position (left lateral margin represented a continuation of the sagittal suture); this was clearly unlike the pattern we observed in L12.
A bregmatic bone probably arises from an abnormal ossification center in the fibrous membrane at the anterior median fontanelle (Hussain et al., 2010) . Direct observations of skull development in transgenic mouse embryos have shown a dual embryonic origin of mammalian skull bones (MorrissKay, 2001 ). The parietals have a mesodermal origin and the frontal bone originates from the neural crest (Merrill et al., 2006) ; either of these two embryonic tissues could be responsible for the formation of a bregmatic bone, since it is positioned in the area of their direct interaction. Sanchez-Lara et al. (2009) showed that "mechanical factors that spread sutures apart and affect dural strain within sutures and fontanelles" play an important role in the formation of wormians within sutures or fontanelles. Their formation acts as a kind of adaptive response of the developing skull to mechanical stress (Oostra et al., 2005) . These mechanical forces could be the result of different pathologies, cultural practice (purposeful cranial deformation) or of premature ossification of the cranial sutures (cranio- synostosis). The association of the bone formation in the anterior fontanelle with craniosynostosis was confirmed in clinical studies of children (Woods and Johnson, 2010; Agrawal et al., 2006 ). Since we see no evidence of craniosynostosis or artificial deformation in the L12 individual, other sources of mechanical stress could be involved. It is known that craniosynostosis causes skull shape deformations due to the limited growth of the skull bones in the direction perpendicular to the obliterated suture, which is compensated by growth in other directions (Aufderheide et al., 1998) . Similarly, the peculiar shape of the L12 skull, exhibiting strong frontal/parietal curvatures (see Fig. 2 ) and hyperbrachycrany, could be related to the formation of the bregmatic bone. The growth of a large bone within the anterior fontanelle could act as a factor that modifies the development of the surrounding neurocranial bones, frontals and parietals become "pushed" outwards, which is reflected in their bulging and brachycrany. Recent studies have found a positive correlation between brachycrany and both the formation of wormian bones (Sanchez-Lara et al., 2009 ) and metopism (Castilho et al., 2006) .
In the context of pathological syndromes, the anterior fontanelle is a rare site for supernumerary bone formation. Woods and Johnson (2010) report association with acrocallosal syndrome (ACLS) in one patient; Elson et al. (1991) also report this association in one patient who, interestingly, also had a large, unfused anterior fontanelle at 3 years of age. Could this possibly account for the features we observed in L12? ACLS is a rare autosomal recessive disease, which is characterized by the absence of corpus callosum and severe mental retardation. An expected life span for individuals with ACLS has not been suggested yet, but Hodgson et al. (2009) believe that, with proper medical support, these individuals could survive well into adulthood. Skeletal anomalies are present in about 50% of cases, and the most frequent findings in this regard are pre-and post-axial polydactyly; among craniofacial anomalies, most frequent are a prominent forehead, macrocephaly (horizontal circumference >2 standard deviations) and hypertelorism (Turolla et al., 1990) . The forehead of L12 does not seem to be abnormally prominent; we detected no macrocephaly (see Table 1 for horizontal circumference), nor hypertelorism, since the interorbital distance measurement (Table 1) is normal for an adult male (Currarino and Silverman, 1960) . Since the postcranium was not recovered, we cannot test the eventual presence of axial anomalies and therefore, we cannot confirm the (unlikely) hypothesis of ACLS to account for the features we observed in the L12 case.
Regarding metopism, some authors proposed that this trait could be an atavism, a reversion to an evolutionary primitive state (del Sol et al., 1989) . However, although the fusion of a metopic suture has been widely accepted as a derived trait for anthropoids, Rosenberg and Pagano (2008) found that many non-anthropoid fossil and living primates also showed frontal fusion. This could mean that this trait is not synapomorphic for anthropoids, and that, consequently, metopism could not be an atavism in humans. Other potential causes for metopism were also suggested (mechanical causes, hormonal dysfunction, etc.), but it seems clear that some genetic influence is probably involved (del Sol et al., 1989) . This is in accordance with the studies of Torgersen (1951) , which showed that there could be a hereditary basis for the metopism. There are no relevant hereditary studies concerning bregmatic bone, but this is mainly because the trait is so rare in humans. As Barberini et al. (2008) noted, it seems probable that some non-adaptive, direct genetic influence could be responsible for the development of a large bregmatic bone. If we accept the genetic basis for metopism and bregmatic bone formation, the rarity of their co-occurrence could imply that they involve different sets of genes.
CONCLUSION
An adult male skull from Lanište, showing the cooccurrence of a large bregmatic bone and metopism, represents an important comparative specimen, which adds to the small number of published cases of this rare neurocranial variant. Different causes have been suggested for these phenomena, but their true nature remains poorly understood. Further research in different scientific fields is needed to decipher the underlying causes. A detailed genetic and longterm developmental study of patients diagnosed with bregmatic bone and/or metopism could prove to be particularly useful in this regard. Although a large bone at the bregma is usually considered a normal anatomical variant, the fact that it also occurs in some rare pathological conditions indicates the need to explore further the relationship of this phenomena with disease.
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